Abstract: This paper investigates the relationship between the excess returns of foreign exchanges and the conditional volatility of domestic and foreign equity markets, based on a wide range of foreign currency market data. Utilising a VAR-GARCH-in-mean process to generate conditional variances, we find evidence to support the time varying, risk-premium hypothesis. Moreover, our evidence shows that the volatility evolution of stock returns displays not only a clustering phenomenon, but also a significant spillover effect. Given the fact that the correlation structure across markets is significant and time varying, investors and portfolio managers should continually assess this information and rebalance their portfolios over time to achieve optimal diversification.
Introduction
By now a considerable amount of empirical evidence has demonstrated that the unbiasedness hypothesis using forward exchange rate to predict the subsequent spot exchange rates is rejected. Although the sources of rejection have been attributable to market imperfections, the existence of transaction costs, measurement errors, expectations errors, and/or the lack of more powerful statistical techniques, the main concern is the significance of risk factors [1, 2] . By focusing on pricing risk, the literature has advanced along three different tracks. The first approach is derived from the consumption-based model in the vein of Lucas [3] asset pricing framework. The risk is seen to be captured by the conditional covariance of intertemporal marginal rates of substitution of money and the profit from foreign exchange speculation. Research along this line includes Hodrick and Srivastava [4] , Domowitz and Hakkio [5] , Giovannini and Jorion [6] , Cumby [7] , Mark [8] , and Backus, Gregory, and Telmer [9] .
The second approach takes the route of the market-based Capital Asset Pricing Model (CAPM). A special feature of this approach is that currency market risk is seen to be proportional to market-excess returns. Thus, the model requires that profit derived from foreign exchange speculation should not be orthogonal to 'market' excess returns if the risk-premium hypothesis holds true. In their empirical investigations, Roll and Solnik [10] estimate the covariance between the 'extraordinary' exchange return and the 'index' of the exchange return; Robichek and Eaker [11] relate the exchange return to systematic risk; Chiang [12] and Morley and Pentecost [13] link forward-exchange profit to relative ex ante risk in equity markets; and Korajczyk and Viallet [14] test forward exchange market profit in relation to excess returns on the benchmark portfolio. All of these authors provide evidence to support this risk-premium hypothesis.
The third approach explores the time-series properties of conditional second moments of state variables. The risk in this type of model is captured by the conditional variance in ARCH-type specification [15, 16] due to its capability of modelling clustering phenomenon of exchange rate volatility. Risk specifications based on conditional variance [4] [5] [6] 17, 18] offer supporting evidence in favour of conditional variance as a risk factor. Due to the fact that different authors use different information, such as interest rates, real output, exchange rates, or money supply, to generate conditional variance, the results on conditional variance models vary somewhat among the different researchers. Using larger information sets by including determinants of the monetary model, Cheung [19] can find only limited support for the risk-premium hypothesis. Thus, no concrete evidence has been consistently in favour of conditional-variance models.
Building on the empirical evidence, this paper is another attempt to examine the relationship between foreign exchange speculative profit and risk factors. Our study is motivated by three recent empirical developments in asset markets. Firstly, the evidence shows that foreign exchange profit is related to excess stock returns [12] ; both foreign exchange and stock excess returns are commonly correlated with nominal interest rates [6] and dividend yields [20] . Secondly, risk-averse behaviour suggests that the expected excess returns on assets are tied closely to expected risk premiums, and the latter are thought to covary with conditional volatility. Findings by Merton [21] and French, Schwert, and Stambaugh [22] indicate a positive relationship between stock market returns and conditional variance. Thirdly, evidence shows that exchange rates tend to be highly volatile. This exchange rate volatility appears to be higher than that of the fundamental factors on which they depend, including money supply, real income, and inflation rate [23] ), suggesting that conditional volatility may be more effectively predicted by using stock-return volatility.
On the basis of these empirical regularities, we perform a direct test relating the speculative profit in foreign exchange markets to conditional volatilities in stock markets. This paper differs from previous studies in several aspects. Firstly, instead of relating the foreign exchange risk premium to expected equity premiums, the model directly relates the foreign exchange premium to conditional variances of domestic and foreign equity markets. Secondly, we employ a VAR-GARCH-in-mean process to model and generate the time-varying conditional second moments. A parsimonious parameterisation of the multivariate GARCH process which imposes the covariance matrix to be positive definite will be used to model the conditional covariance matrix of the error process. The model is capable of capturing the dynamic relationship, for both the conditional first and second moments, between domestic and foreign equity market returns. Thirdly, the sample includes a wide range of currencies from January 1979 through December 1998 to capture roughly the recent 20-year experience of floating exchange rates [24] . Finally, as mentioned by Baillie and Bollerslev [25] , it is important to have high-frequency data in order to detect relatively short-lived risk premiums or market inefficiencies (e.g., [26, 27] ). However, it is well known that when the sampling interval is finer than the forecast interval, forecast errors will be serially correlated. Thus, we use weekly data and employ a Hansen and Hodrick [26] technique to correct the overlapping data problem in order to examine the changing expectations of investors in international financial markets. Our empirical evidence indicates that foreign exchange risk premiums are significantly correlated with the time-varying risk of national stock markets. This suggests that one can gain more insight into speculative-profit behaviour if the cross-asset variance structural relationship is considered.
The remainder of the paper is organised as follows. Section 2 discusses the theoretical framework that links the forward foreign exchange risk premium to relative stock-market risk. Section 3 describes the data and estimation procedures of the model. Section 4 reports the empirical results. Section 5 contains a summary and concluding remark.
Theoretical framework
In the absence of capital controls, with low transaction costs and a high degree of arbitrage between markets, the expected return on asset j in the domestic country should equal to the expected return on an asset with similar risk characteristics in the foreign country plus the expected rate of depreciation of the domestic currency over a given period of time. This implies that nominal expected returns in the domestic country would be equal to the expected nominal returns in the foreign country measured in domestic currency; that is:
where ( ) , 1 j t E R + is the expected required rate of return on asset j at time t+1; ( )
is the expected rate of depreciation of the domestic currency from time t to time t+1; ( )
⋅ is the expectation operator conditional on the information set I at time t; and an asterisk denotes a foreign variable. The market-based CAPM implies that the expected excess return for asset j in the domestic capital market is a linear combination of the risk premiums of the domestic and foreign equity markets. The specification is given by: 
where m R denotes the national equity-market return and t r denotes the risk-free interest rate. Equation (2) and equation (3) are similar to the static capital asset pricing model (CAPM) of Sharpe [28] and Lintner [29] . However, in the international setting, an additional term (the last term of the equations) is incorporated into the model to capture the risk factors associated with the external markets [30] .
Combining equation (1) through to equation (3) and summing over all assets j, we obtain an aggregate representation as: and t s are the natural logarithm of expected future and current spot exchange rates, respectively. Equation (4) represents an equilibrium condition that links the expected excess return in the foreign exchange market to the relative risk, reflected in the relative expected-risk premiums in the domestic and foreign equity markets [31] . In this specification, β and β * are equally weighted averages of their respective j s β ′ in the domestic and foreign equity markets.
By applying (i) Merton's [32] intertemporal asset pricing framework that links the equity-risk premium to the conditional variance of the relevant equity portfolio as equations (5) and (5)′ and (ii) the covered interest-rate parity condition,
we obtain a reduced form equation given by (6):
where ( )
 is the nominal speculative profit from the forward contract; f t is the natural algorithm of forward exchange rate; λ is the coefficient of relative riskaversion; ( ) Equation (6) conveys two important messages. Firstly, the concept of relative risk is emphasised, which differs from the previous models by using single-market risk (e.g., Roll and Solnik [10] , Robichek and Eaker [11] , and Mark [8] , [34] ). Secondly, the model directly links foreign exchange profits to equity risk premiums and, in turn, to the expected variance of equity returns, which extends the capital asset pricing model to an international setting [35] .
The model is consistent with the notion that the exchange rate is the relative price of two national currencies; its excess return ought to covary with the relative risk of assets of the two trading countries. In highly integrated capital markets, the relative conditional variance in the national equity markets provides systematic information to the ex ante risk involving international investments. Therefore, we establish a relationship between the speculative profit in the forward exchange market and the risk factors associated with national equity markets [36] .
Description of data, basic statistics, and empirical estimations
To start with, we describe the data, basic statistics, and some econometric issues related to the data construction. In the light of recent findings that national stock markets are highly integrated, domestic and foreign stock-market returns are assumed to follow a VAR process with bivariate GARCH-in-mean innovations [15, 16] . These conditional GARCH models have been empirically shown to provide a good fit for modelling the volatility evolution of many financial return series.
Description of data and basic statistics
The stock market indices studied are those of Belgium, Canada, France, Germany, Italy, Japan, the Netherlands, Spain, Switzerland, Sweden, the UK, and the USA. The weekly stock return is defined as the natural log-difference of weekly stock prices. The monthly forward-rate forecast errors, s f + − , are generated weekly, where t s and t f denote the natural logarithm of the spot exchange rate and the corresponding forward exchange rate, respectively. The justification for using a weekly sampling scheme is twofold. Firstly, in testing foreign exchange market efficiency or rational expectations, the use of non-overlapping samples can circumvent problems with serial correlation, but at the expense of not utilising all available observations in the process [26] . The overlapping sample provides more information for our empirical investigation. Secondly, it is important to have high-frequency data in order to detect relatively short-lived risk premiums or market inefficiencies, as noted by Baillie and Bollerslev [25] . However, it is well known that when the sampling interval is finer than the forecast interval, forecast errors will be serially correlated. Hansen and Hodrick [26] develop a generalized method of moment approach to deal with this issue. They prove that using overlapping data with the GMM estimator is superior to sampling a non-overlapping data set to which ordinary least squares and traditional computation of the asymptotic covariance matrix are applied directly. Table 1 reports basic time-series properties of the data. The Japanese stock market has the smallest return (0.08%) and the Italian market has the highest return (0.33%) in the sample period. For the standard deviation, the Swiss market has the smallest value (1.96%), whilst Italy shows the highest one (3.32%). Most of the distributions are skewed to the left and have heavy tails. Except for Germany, the kurtosis coefficients are all larger than those of the standard normal distribution. The serial correlations of the return levels are significant for most of the countries, and the Ljung-Box Q(4) tests with four lags are uniformly rejected, indicating the non-randomness of the return series. The only exception is the US market. Looking at the Ljung-Box Q 2 (4) statistics, the evidence shows that the return squares display non-linear dependency for all markets. The statistics thus decisively suggest that the independence of the level and of the squares for the return series is rejected consistently by the data. Our empirical experience suggests that the linear dependency could result from market imperfections or sluggish adjustments, whilst non-linear dependency could stem from autoregressive conditional heterokedasticity (ARCH). The coexistence of serial correlation of returns and conditional heterokedasticity suggests that return series is predictable and the volatilities are time varying.
Empirical estimations
To implement the empirical estimation of the proposed model, we adopt a two-step estimation strategy. Firstly, due to the mounting empirical evidence that national stock markets are highly integrated and display conditional volatility, we estimate the stochastic process of the two national stock markets (country i with respect to the USA) by using a VAR process with bivariate GARCH innovations for each of the country with respect to the US market [38] [39] [40] [41] [42] [43] [44] . Secondly, we use the estimated conditional variances from the VAR-GARCH-in-mean process as proxies for the conditional variances of national stock market returns to test equation (6) . Pagan [45] examines the consistency and asymptotic distribution of such a strategy and demonstrates that if the first step produces a consistent estimate of the true conditional variance and covariance, the procedure will produce consistent estimates of the parameters of interest. The data set is constructed from a daily frequency by taking Friday's observations, and it covers the period 1979:1:5 to 1999:1:8 for most countries. The weekly stock returns are log-differences of the stock-market index and the weekly 1-month speculative profits on forward-currency contracts are log-differences between the current spot rate and forward rate observed four weeks earlier. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The data set is constructed from a daily frequency by taking Friday's observations, and it covers the period 1979:1:5 to 1999:1:8 for most countries. The weekly stock returns are log-differences of the stock-market index and the weekly 1-month speculative profits on forward-currency contracts are log-differences between the current spot rate and forward rate observed four weeks earlier. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Assuming that the bivariate GARCH process has an order of (p,q), the VAR process with bivariate GARCH-in-mean innovations can be written as: 10 
[ ] 
where C, D k , and G k are 2 × 2 matrices. However, under this specification, H t is not guaranteed to be positive definite for all values of u t in the sample space. To overcome this problem, we adopt the parameterisation suggested by Baba et al. [46] which easily imposes these restrictions. By using the parameterization scheme, we can rewrite equation (9) as follows:
′ where the C, D, and G are 2 × 2 matrices, and C is symmetrical and restricted to be upper triangular. A specification test will be used to investigate the adequacy of this statistical model of the conditional covariance matrix, H t . The conditional variance of each variable in (9)' is related to past squared residuals and cross-residuals and past variances and covariances of variables involved. Equation (7) to equation (9)′ can be estimated by maximum likelihood techniques. For sample size T, the log-likelihood function is the sum of the conditional log-likelihood for each observation:
and this log-likelihood function can be maximized with respect to the unknown parameter f θ (C, D, G) for the model which is a vector of all parameters to be estimated. Since the normality assumption is violated for the return series in the sample (Table 1 ) and this is often the case in financial time series, we adopt the quasi-maximum likelihood estimation (QML) proposed by Bollerslev and Wooldridge [47] , which allows inference in the presence of departure from conditional normality. Under fairly weak conditions, the resulting estimates are consistent even when the conditional distribution of the residuals is non-normal. The QML estimates can be obtained by maximising equation (10) and by calculating a robust estimate of the covariance of parameter estimates using the matrix of second derivatives and the average of the period-by-period outer products of gradient. Non-linear optimization techniques are used to calculate the maximum likelihood estimates based on the Broyden, Fletcher, Goldfarb, and Shanno (BFGS) algorithm.
Having derived the conditional variances, we fit the speculative profit equation as follows:
Equation (11) examines whether the conditional variances of domestic and foreign stock market returns are significant in explaining the deviation of the forward rate from the future spot rate. The significance test can be done by using standard t-statistics. To avoid the stochastic-regressor problem [45] , we adopt GMM [26] estimators to correct the serial correlation of the residuals and a possible heteroskedasticity problem of the dependent variables. It can be shown that the estimators of coefficients (α s) using generated regressors from the first stage are consistent, and the 'asymptotic t-statistics' and 'F-test' are valid.
Empirical results

Correlations in price changes and volatilities across international stock markets
On the basis of significance tests on coefficients of the autocorrelation and crosscorrelation functions [48] , the VAR(2) is selected in our estimation. The estimates for the mean and variance equations are reported in Table 2 and Table 3 , respectively.
Time-varying expected returns and mean spillover effects
The evidence in Table 2 shows that most of the national stock-index returns are predictable by using past information from the US and the domestic stock returns. Consistent with the existing evidence [38], the results indicate a statistically significant mean-spillover effect from the USA to the other markets in the sample period. They further confirm the dominant role of US market returns in determining returns of other markets. It should be noted that the existence of predictability of returns might be attributable to market imperfection, time-varying risk premiums, or market irrational behaviour.
Time-varying international market correlation and volatility spillover effects
The significance of the autocorrelations and Ljung-Box Q-statistics for the squared returns (Table 1) indicates a need to model the non-linear dependency for the return series. The VAR model with GARCH-in-mean innovations appears adequate to capture the stochastic process. Table 3 contains the coefficients of the VGARCH(1,1) process, the variance equation. The results may be summarized as follows. First, for most markets in the sample, the returns present significant conditional heteroskedasticity; the time-varying behaviour of the correlation structure of returns in a bivariate setting (each county with respect to the US market) is identified. Second, both variance and covariance terms in most cases are statistically significant, indicating the relevance of the vector GARCH model and the existence of a volatility-spillover effect across different markets. The numbers in parentheses are absolute t-statistics of the coefficient estimated. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The numbers in parentheses are absolute t-statistics of the coefficient estimated. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The likelihood ratio test (LRT) for the null hypothesis H 0 : D ij = 0, G ij = 0 is also performed. To save space, the results of the LRT are not reported. However, the null hypothesis is strongly rejected for each country. The P-values of the test are all very close to 0.
We also conduct the likelihood-ratio test that compares the GARCH model against the homoscedastic model (null) which restricts the matrix D and G to zero. The likelihood ratio statistics are all very large and the p-values are close to 0. The statistics from Table 2 and Table 3 show that the GARCH specification significantly improves our estimation of the bivariate stock-market return processes and is capable of capturing the time-varying volatility of the national stock markets. The findings of the time varying variance-covariance return structure have two important implications for asset pricing and portfolio management. Firstly, risk-averse investors would adjust their portfolios by reducing their commitments to assets whose volatility is predicted to rise or by using more sophisticated dynamic diversification approaches to hedge predicted volatility increases. Secondly, the information of cross-asset structure facilitates investors' asset-allocation strategy, allowing them to achieve optimal portfolio diversification across different international markets. Therefore, portfolio managers should track time-varying international correlation across markets and adjust their portfolios accordingly.
Foreign exchange risk premiums and time-varying equity market risks
Having derived the fitted series for the conditional variances of the residuals produced from the bivariate GARCH model, the relation between foreign exchange excess return and risk associated with the two exchange equity markets represented by equation (11) can be estimated. The full sample estimates are reported in Table 4 . The coefficients of the conditional variances of the stock return for the two exchange countries are given by We also conduct sub-period regressions to examine the relative importance of the risk factors of national equity markets. The evidence in Table 5 shows that the null hypothesis that the speculative profit in the foreign exchange markets is independent of the expected stock market risk is rejected, although the results may vary from period to period and country to country. It should be noted that the model fits the data relatively better for the sample periods from 1979 to 1983 and 1989 to 1993. For example, in the period from 1989 to 1993, the model can explain more than 30% of the variations for the forward-forecast errors for Germany and Spain and more than 20% for Belgium, Canada, France, Italy, Japan, and Sweden. In contrast, the average R-square for the entire sample period is only around 4%. The evidence in the current study confirms the hypothesis that excess returns in foreign exchange markets are correlated with relative expected risks in equity markets. The empirical results are informative for international asset pricing purposes.
Table 4
Estimations of the foreign exchange risk premium model (full sample) The numbers in parentheses are absolute t-statistics of the coefficient estimated. The t-statistics here are heteroskedasticity consistent. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Table 5
Estimations of the foreign exchange risk-premium model (sub-period) The numbers in parentheses are absolute t-statistics of the coefficient estimated.
The t-statistics here are heteroskedasticity consistent. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Estimations of the foreign exchange risk-premium model (sub-period) (continued) The numbers in parentheses are absolute t-statistics of the coefficient estimated.
The t-statistics here are heteroskedasticity consistent. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The numbers in parentheses are absolute t-statistics of the coefficient estimated. The t-statistics here are heteroskedasticity consistent. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Estimations of the foreign exchange risk-premium model (sub-period) (continued) The numbers in parentheses are absolute t-statistics of the coefficient estimated. The t-statistics here are heteroskedasticity consistent. The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Summary and concluding remarks
In this paper, we test the potential existence of time-varying risk premiums in the forward foreign exchange market by employing a wide range of data in foreign exchange and stock markets. Utilising the VAR process with bivariate GARCH-in-mean innovations, we generate risk variables as measured by conditional variances in stock markets. By hypothesising that risk premiums in foreign-exchange markets are independent of expected risks in domestic and foreign stock markets, we find evidence to reject the null hypothesis, confirming the time-varying risk-premium argument. An important message emerging from our study is that the relative stock-return volatility effectively summarises relative market risk, which is compensated by the speculative profit from the foreign exchange market. In addition, we derive two more empirical regularities that can be helpful in advising investors in managing their international portfolios. Firstly, in addition to the AR(1) term, national stock returns are seen to be explained significantly by US stock returns. This suggests that national stock returns can be predicted by using both domestic and US stock return news. Secondly, the coefficients on a vector GARCH model are highly significant, suggesting that the volatility evolution of stock returns displays not only a clustering phenomenon, but also a significant spillover effect. Given the fact that the correlation structure across markets is time varying, investors and portfolio managers should continually assess this information and rebalance their portfolios over time to achieve optimal diversification. 
